Bordetella bronchiseptica was isolated in pure culture from the lung, abdomen, and intestine of a wild free-ranging southern sea otter (Enhydra lutris nereis) with severe, suppurative bronchopneumonia. Immunohistochemistry, using antiserum raised to B. bronchiseptica, revealed strong positive staining of bacteria attached to bronchial ciliated epithelia as well as scattered positive staining in affected alveoli. Western blot analysis demonstrated that virulence factors, filamentous hemagglutinin, pertactin, and adenylate cyclase toxin are produced by the sea otter B. bronchiseptica isolate. Ribotype analysis using Pvu II restriction digests indicated that this isolate is most similar to strains commonly obtained in domestic dogs and cats.
Bordetella bronchiseptica is a well-documented respiratory tract pathogen affecting a broad range of animal species. It is an aerobic, gram-negative coccobacillus that establishes itself in the ciliated respiratory epithelium of the host. Pathogenic strains have been associated with atrophic rhinitis in pigs and rats and severe bronchopneumonia in dogs, cats, and rabbits. In dogs, B. bronchiseptica is considered to be an important pathogen in infectious tracheobronchitis (kennel cough) and frequently contributes to the pneumonia observed in canine distemper.
Bordetella bronchiseptica has been well studied in a wide array of mammalian species, including humans. Only recently were isolates from sea mammals studied. Bordetella bronchiseptica was implicated as a key secondary pathogen in conjunction with a phocine morbillivirus epidemic in the North Sea around Great Britain and Denmark in 1988. 2, 6, 10 A previous study, 15 in which isolates obtained from seals affected during this outbreak were evaluated by Pvu II ribotyping, revealed a single ribotype unique to the seal population.
Bordetella bronchiseptica has not been reported previously from sea otters. This study describes the isolation of B. bronchiseptica from a southern sea otter (Enhydra lutris nereis) and the histopathological changes associated with this infection. Additionally, the genetic and phenotypic characteristics of the sea otter isolate were examined.
In trauma was noted at the time of collection. Mature male sea otters will often clasp the planum nasale of females during mating, frequently causing soft tissue lacerations. 5 In this case, the facial trauma was initially attributed to mating interactions. The otter was transported to the California Department of Fish and Game, Marine Wildlife Veterinary Care and Research Center in Santa Cruz, California, for postmortem examination.
A detailed gross postmortem examination was performed. Postmortem radiographs were examined for evidence of gunshot, bone fractures, or embedded shark teeth. A variety of tissues, including brain, lung, heart, spleen, multiple lymph nodes, kidney, liver, intestine, urinary bladder, esophagus, trachea, thyroid gland, and adrenal gland were immersion fixed in 10% neutral-buffered formalin (NBF). Trimmed, formalinfixed tissues were paraffin embedded, and 5 m sections were cut, stained with hematoxylin and eosin (HE), and examined by light microscopy. An alkaline phosphatase system a was used in tissue sections to detect B. bronchiseptica antigens, using polyclonal rabbit anti-B. bronchiseptica, as described previously. 1 Sections from a sea otter that was culturenegative for B. bronchiseptica and sections lacking primary antibody were used as negative controls. Tissues evaluated using immunohistochemistry included tongue, soft palate/nasopharynx, myocardium, lung, kidney, liver, spleen, thyroid gland, adrenal gland, pancreas, mesenteric and mediastinal lymph nodes, thymus, submandibular salivary gland, bladder, ovary, uterus, small intestine, and stomach. Matched tissue sections were stained with HE.
Sheep blood (BAP) and MacConkey (MAC) agar plates b were inoculated with swabs obtained from samples of lung, abdominal fluid, and intestinal fluid from the sea otter. All plates were incubated at 37 C in 5% CO 2 for 48 hours. Bacterial colonies were subcultured onto additional BAP or MAC plates, and isolate identity was confirmed by standard biochemical methods and by cellular fatty acid analysis. c Bordetella bronchiseptica strain KM22, a previously described virulent swine isolate, 1 was included in some assays for comparative purposes. Sea otter B. bronchiseptica isolates were grown on Bordet-Gengou agar d for 36 hours at 37 C. Hemagglutination (HA) studies were carried out in 96-well, V-bottom plates. e Bacterial suspensions containing 5 ϫ 10 9 CFU/ml (CFU refers to colony forming units) were serially diluted in phosphate-buffered saline (PBS). An equal volume of bovine, porcine, equine, or ovine red blood cells (RBCs), washed 3 times in PBS and resuspended at a concentration of 1%, was mixed with the bacterial suspension in each well. Negative controls containing RBCs in PBS were included on each plate. Plates were incubated at room temperature, undisturbed, for 2 hours and then scored as follows: 3ϩ, complete agglutination with little or no cell pellet; 2ϩ, moderate to large aggregates but with a cell pellet clearly visible; 1ϩ, small aggregates but with a cell pellet similar to the negative control; and 0, no aggregates and a cell pellet indistinguishable from the negative control. The HA titer was recorded as the reciprocal of the highest dilution giving a 2ϩ reaction.
Genomic DNA was isolated using a commercially available kit. f Ribotyping analysis was based on hybridization of Pvu II digestion fragments with a portion of the Escherichia coli rRNA operon rmB followed by chemiluminescent detection as reported. 13, 14 Bordetella bronchiseptica whole cell extracts or extracts enriched in outer membrane proteins were prepared and processed as described. 12 Extract proteins were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis on 10% polyacrylamide gels according to previously described methods 4 and stained with Coomassie Blue G-250 or electrophoretically transferred to nitrocellulose. Membranes were incubated with monoclonal antibodies specific for filamentous hemagglutinin (X3C), 8 pertactin (BPE3), 3 or adenylate cyclase toxin (ACT) 7 as described 12 or with undiluted sea otter serum. Binding of monoclonal antibodies was detected using alkaline phosphatase conjugates. 12 Because no anti-sea otter immunoglobulin reagents are commercially available, Protein A and Protein G horseradish peroxidase conjugates were evaluated on dot blots for their ability to bind sea otter antibodies. No binding was detectable using Protein G; however, Protein A was observed to bind at a level similar to that found for rabbit immunoglobulins (data not shown) and was used for blots in which the primary antibody source was sea otter serum.
No bone fractures or other abnormalities were detected on postmortem radiographs. Significant gross abnormalities consisted of emaciation and a large skin and an acute soft tissue laceration on the rostral maxilla with irregular, friable tissue margins. The skin overlying the rostral maxilla, including the entire planum nasale, was missing, and the nasal cavity and nasal cartilage were exposed. A large blood clot was present in the caudal nasopharynx, completely filling this space. Smaller skin and soft tissue lacerations were present in the right and left maxillary gingival margins and caudal maxilla, and a 0.5-cm-long superficial laceration was present on the left sclera near the medial canthus. The gross appearance of these lacerations was consistent with bite wounds. The lungs were pink-red mottled with a moderately firm consistency. The right caudodorsal lung field was gray and firm, and the pleural surfaces were irregularly roughened with a dull appearance, consistent with fibrin deposits. Multifocal petechia and ecchymoses were present on the surfaces of the lungs, epicardium, and peritoneum. Sections of lung floated when placed in 10% NBF, suggesting there was not a significant amount of consolidation.
All sampled tissues were examined by light microscopy. Most sections of lung contained multifocal to coalescing areas of necrotizing and suppurative bronchopneumonia, characterized by large areas of alveolar lumenal filling (or obliteration) by neutrophils, large foamy macrophages, cellular debris, and fibrin. Irregular clusters of short, gram-negative bacterial rods were interspersed throughout this exudate within the affected alveolar spaces. Adjacent bronchioles contained similar inflammatory exudates and cellular debris and bacteria (Fig. 1A) . Pulmonary interlobular septae were markedly expanded by fibrin and the inflammatory cells. The remaining tissues were histologically unremarkable.
Large numbers of B. bronchiseptica were isolated in pure culture from lung, abdominal fluid, and intestine. The isolate, designated SO3287-99, was hemolytic and had colony morphology consistent with a Bvg ϩ phenotype (small, dome-shaped colonies).
Bordetella bronchiseptica antigen was detected by immunohistochemical staining only in the lung. Positive staining was observed at the surface of the ciliated epithelia and within affected alveolar spaces (Fig. 1B) . No B. bronchiseptica antigen was detected in tissue sections from the negative controls.
On the basis of a comparison with the 19 previously described B. bronchiseptica ribotypes, [13] [14] [15] isolate SO3287-99 was determined to be ribotype 4 (Fig. 2,  lane 2) . Two hundred forty-nine additional B. bronchiseptica isolates, acquired from 12 host species, have so far been characterized by Pvu II ribotyping. [13] [14] [15] These include 29 ribotype-4 isolates, with 69% ob- tained from dogs, 21% obtained from cats, and 10% from horses. SO3287-99 did not agglutinate equine or ovine RBCs but did agglutinate RBCs of bovine and porcine origin ( Table 1) . These results are similar to those of KM22, a virulent swine isolate included for comparison, except that titers of SO3287-99 were slightly lower. This result indicates SO3287-99 is a virulent, or Bvg ϩ phase, isolate capable of inducing respiratory disease in susceptible hosts.
In a comparison of whole cell protein profiles, pro-teins of approximately 89 and 30 kD are apparent in SO3287-99, which are absent or found in lower quantities in KM22. No other differences were noted. Immunoblotting demonstrated that the virulence factors Filamentous hemagglutinin (FHA) (220 kD), pertactin (68 kD), and ACT (210 kD) are produced by SO3287-99 ( Fig. 3) . Faster-migrating bands detectable on the FHA blot represent breakdown products of B. bronchiseptica and have been described by other investigators 8 (Fig. 3, panel B) . One of the major cleavage products associated with SO3287-99 appears to have a different mobility than the analogous protein in KM22, suggesting there may be some structural heterogeneity or differential protein processing of FHA between SO3287-99 and KM22. There were no detectable differences in the mobility of pertactin ( Fig.  3 , panel A) or ACT ( Fig. 3 Panel C) between KM22 and SO3287-99 under the described conditions.
When blots of whole cell extracts were incubated with a 10 Ϫ1 dilution of serum from the B. bronchiseptica-infected sea otter, numerous immunogenic proteins of up to approximately 95 kD were detected that were not apparent using the same dilution of serum obtained from a B. bronchiseptica-negative sea otter. A heavily stained band of roughly 40 kD present in extracts from SO3287-99 was not observed in extracts from KM22, suggesting possible antigenic heteroge- neity in that protein. Staining was not due to binding of Protein A because no B. bronchiseptica proteins were detectable when sea otter serum was omitted from the procedure (data not shown). Only a few immunogenic proteins were apparent when blots of extracts enriched in outer membrane proteins were incubated with serum from the B. bronchiseptica-infected sea otter. There was no difference in reactivity between KM22 and SO3287-99. No staining was observed in blots using serum from a B. bronchisepticanegative sea otter. This is the first report of B. bronchiseptica from a southern sea otter and the first report of ribotype-4 B. bronchiseptica obtained from any marine mammal. No additional cases of B. bronchiseptica pneumonia have been reported in captive or free-living sea otters since this isolate was obtained in November, 1999. Ribotype 4 of B. bronchiseptica is commonly isolated from domesticated dogs and cats. 13 Ribotype 19 has previously been isolated exclusively from seals in Europe during the 1988 phocine morbillivirus outbreak. 15 Bordetella bronchiseptica in dogs is a commonly isolated secondary opportunistic pathogen found in conjunction with canine distemper virus. No evidence of morbilliviral infection was detected based on histopathology and IHC screening in this otter. However, the effectiveness of screening for morbilliviral infections in otters is presently unknown.
Transmission of B. bronchiseptica typically occurs by direct animal contact and aerosols. Environmental reservoirs for B. bronchiseptica have been suggested to exist, including soil and freshwater habitats. 9, 11 However, the likelihood of a marine reservoir for B. bronchiseptica has not been reported. How this otter became infected with Bordetella is unknown. On the basis of the ribotype of this isolate, the possibility of transmission from a terrestrial animal (i.e., a dog) must be considered. It is possible that the severe facial trauma in this otter was not related to breeding behavior but was the result of a dog attack on an otter hauled out near the water's edge. Although facial trauma is often associated with mating behavior in sea otters, the severity of the injury in this case is unusual. However, the wound appeared acute (approximately 24-36 hours old), whereas the pneumonia appeared acute to subacute (2-7 days old). Therefore, it is possible that the 2 lesions occurred independently.
In conclusion, it is unlikely that B. bronchiseptica is endemic in southern sea otters because routine cultures of more than 150 fresh dead otters have to date not revealed additional isolates. The use of Pvu II ribotyping in this case may provide clues as to the potential source of infection in this animal. Unlike the previous study in seals, where a novel clone of B. bronchiseptica was found to be circulating within the seal population in Europe, 15 ribotyping results from the southern sea otter isolate strongly suggest the possibility of direct cross-species transmission of B. bronchiseptica between terrestrial and marine mammals.
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